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The p16
INK4A-ARF locus plays a crucial role in the control of cellular proliferation via both the Rb and P53 pathways. We previously demonstrated that this locus is altered in human skin carcinomas. In the present study we have studied the expression of the p16
INK4A-ARF locus following UVB irradiation of normal human keratinocytes both at the mRNA (RT ± PCR) and at the protein (Western blotting) levels. Our data con®rmed that P16 INK4A protein is induced by UVB at low (30 mJ cm 2 ) and high (100 mJ cm 2 ) doses and is observed after a single or repeated exposure implying that this response is involved in both the immediate and adaptative response to UVB. The apparent absence of induction p16 INK4A mRNA suggested that P16 INK4A protein is upregulated at the post-transcriptional level. Analysis by¯ow cytometry and BrdU staining indicated that the highest protein level of P16
INK4A in the cells was associated with a G 2 cell cycle arrest. Comparative analysis of P16 INK4A and P53 showed that they were dierentially modulated in keratinocytes according to the UVB dose and regimen. Low, acute or repeated UVB exposures led to accumulation of both P16
INK4A and p53, whereas at high UVB doses, P53 and P53-dependent genes were not induced or even downregulated and only a slight but reproducible stabilization of P16
INK4A protein was observed. In our conditions, P14
ARF did not seem to participate in the UV response in these cells as P14 ARF protein did not vary. These results infer that P16
INK4A plays a role in cell cycle regulation of keratinocytes submitted to UVB irradiation. They also reinforce our previous demonstration of the importance of inactivation of this gene in UV-induced skin carcinogenesis.
Introduction
The p16
INK4A-ARF locus encodes two tumor suppressor proteins, P16
INK4A and P14 ARF , that control cell growth through the Rb-CDK4 and P53 pathways respectively (Larsen, 1996) and are important regulators of the proliferation of both normal and tumorigenic squamous epithelial cells. P16 INK4A accumulates in normal human keratinocytes undergoing replicative senescence (Loughran et al., 1996; Rezniko et al., 1996) and is inactivated during keratinocyte immortalization (Hara et al., 1996) . Overexpression of P16
INK4A reduces the proliferation of human and murine squamous epithelial cells (Enders et al., 1996) . P14
ARF is also implicated in cellular senescence (Dimri et al., 2000) and immortalization of murine embryonic ®broblasts (MEF) heterozygous for p14 ARF is accompanied by the loss on the second p14 ARF allele (Kamijo et al., 1997) . Thus both P16 INK4A and P14 ARF are implicated in similar functions (i.e. proliferation and replicative senescence) but through distinct cellular pathways. Additionally, it has been proposed that P16
INK4A could participate in the response to UV-DNA damage. P16
INK4A accumulates in Hela cells after nonlethal UVC irradiation and this correlates with S phase and G 2 delays (Wang et al., 1996) . Transcriptional upregulation of p16 INK4A has also been demonstrated in melanoma cells following UVB irradiation (Piepkorn, 2000) . More recently, induction of P16 INK4A in human keratinocytes was reported in human epidermis and in cultured keratinocytes after UVB irradiation (Ahmed et al., 1999; Pavey et al., 1999) . This induction of P16 INK4A seemed to be speci®c for UV-damage as it was not observed after exposure to ionizing radiation. In these studies, the in¯uence of UVB irradiation on expression of P14 ARF in human keratinocyte was not reported. UVB irradiation is an important genotoxic stress for keratinocytes and is the major carcinogen for skin tumors. The P53 protein plays a crucial role in the protection against DNA damage allowing cell cycle arrest, DNA repair or apoptosis by transcriptional activation of P53-related genes such as p21 waf1/cip1 , MDM2 and Bax (Brugarolas et al., 1995; el-Deiry et al., 1993; Harper et al., 1993; Kamijo et al., 1998; Kastan and Kuerbitz, 1993; Levine, 1997; Miyashita and Reed, 1995; Waldman et al., 1995; Xiong et al., 1993; Zhang et al., 1998) . Mutations in the p53 gene have been detected in 50% of all human cancers including skin carcinomas (Basset-SeÂ guin et al., 1994) . In the epidermis, the response to UVB is frequently characterized by induction of apoptosis primarily mediated by P53. p537/7 murine skin has an increased sensitivity to UV radiation and fewer apoptotic cells (Ziegler et al., 1994) . Additionally p537/7 mice develop more aggressive tumors than their wild type or heterozygous counterparts (Weinberg et al., 1994) . p16
INK4A and p14 ARF 7/7 mice also develop epidermoid skin tumors either spontaneously or after UV radiation (Serrano et al., 1996) . UVinduced mutations of p16 INK4A and p14 ARF genes have been reported in epithelial skin tumors from sporadic patients and from Xeroderma Pigmentosum patients who suer from strong UV hypersensitivity (Sou®r et al., 1999 (Sou®r et al., , 2000 . All these data suggest that the P53, P16
INK4A and p14 ARF proteins are part of parallel pathways controlling cell cycle and response to UV-DNA damage.
To further clarify the role of P16 INK4A in keratinocyte UV response we studied expression of p16 INK4A and p14
ARF genes and proteins in cultured human keratinocytes following low or high dose, acute or repeated UVB irradiation by RT ± PCR and Western blotting analysis. Our results con®rmed that P16
INK4A
is implicated in the response of keratinocytes to UVB radiation. We further extended these results by showing that P16
INK4A induction takes place at the post-transcriptional level in such cells and participates in both the acute and adaptative response to UVB. Additionally we compared, in our dierent experimental conditions, P16
INK4A induction with that of the P53 pathway as well as changes in the cell cycle status in these cells.
Results

Incidence of UVB irradiation on viability of normal keratinocytes
In order to study the status of cell cycle regulators such as P16
INK4A , P14 ARF and P53 in the response of keratinocytes to UVB irradiation, we ®rst observed keratinocyte viability using the neutral red assay following dierent UVB doses. As shown in Figure 1 protein was induced, starting at 2 h post-irradiation, with a peak at 24 h post-irradiation and that persisted at 48 h. P53, MDM2 and P21 waf1/cip1 were also induced after a low dose of UVB irradiation with somewhat dierent kinetics. P53 induction was detectable at 2 h and its expression level increased slightly until 48 h post-irradiation. Accumulation of P21 waf1/cip1 protein appeared at 24 h and was maintained 48 h after UVBirradiation. MDM2 induction was delayed and was observed at 48 h following irradiation. We did not observe a modi®cation of Bax protein level in these experiments ( Figure 4 ). It should be noted that no apoptosis was observed at this dose.
Accumulation of P16
INK4A and decrease of p53-related proteins when cells were treated with a high dose of UVB For high doses of UVB (100 mJ/cm 2 ), expression of P16 INK4A , P53, MDM2 and P21 waf1/cip1 proteins diered markedly ( Figure 5 ). While, as previously noted, a slight but reproducible, progressive accumulation of P16 INK4A protein expression was observed from 2 to 48 h post-irradiation, P53 protein level did not increase (actually, a slight decrease was observed after normalization to the intensity of GAPDH band taken as reference). On the contrary, MDM2 protein expression level was progressively reduced from 2 to 48 h postirradiation. P21 waf1/cip1 expression protein was reduced at 2 h post-irradiation with a peak of repression at 24 h and returned to normal 48 h post-irradiation. Bax protein level was slightly decreased.
INK4A , P53, MDM2, P21 waf1/cip1 and Bax protein level after repeated UVB-exposures
In order to clarify the role of p16 INK4A in the adaptative response to UVB, keratinocytes were submitted to repeated low dose (10 mJ/cm 2 ) UVB exposures. The results clearly showed an accumulation of P16 INK4A , P53, MDM2 and P21 waf1/cip1 proteins, whereas Bax protein expression did not seem to change signi®cantly ( Figure  6 ). Thus, in our experimental conditions, the immediate and adaptative response of keratinocytes to low doses of UVB appear to be very similar.
Reduction in MDM2 level is also observed in P53 mutated HaCat cells
After a high UVB dose, P53 level expression was unchanged whereas MDM2 protein level was strongly reduced in human keratinocytes. To ascertain whether the MDM2 decrease observed was independent of P53, Irradiation of HaCat cells with UVB showed that in spite of a nonfunctional P53 accumulated in these cells, MDM2 level decreased 2 h after irradiation with a peak at 8 h and returned to baseline level 24 h postirradiation (Figure 7) . 
P16
INK4A accumulation and arrest in late G 1 and G 2 phases
To investigate whether induction of P16
INK4A was accompanied by a cell cycle arrest and induction of apoptosis, we ®rst examined cellular DNA content distribution by¯ow cytometry for the presence of a pre-G 1 population (corresponding to apoptotic cells) until 48 h post-irradiation (Table 1) . No major variation was observed between unirradiated cells and cells irradiated with 30 mJ/cm 2 at dierent time points, whereas for the dose of 100 mJ/cm 2 , the pre-G 1 population increased with time and reached almost 9% after irradiation.
The eects of UVB on cell cycle distribution were investigated at various time points after irradiation.
In non-irradiated control cells, the proportion of cells in G 0 /G 1 , S and G 2 /M phases did not change during the ®rst 24 h. An accumulation of control cells in G 0 /G 1 phase was observed at 48 h, re¯ecting an increase in the population of resting cells in the culture reaching con¯uency. Accordingly, cell proliferation estimated from the amount of BrdU incorporation was increased during the ®rst 24 h and decreased at 48 h.
Following UVB treatment, some changes in the cell cycle distribution were noted (Figure 8 ). After irradiation with 30 mJ/cm 2 the proportion of cells in S phase did not change signi®cantly at any time points and the G 1 population was not modi®ed whereas the G 2 population was increased both at 24 and 48 h post-irradiation. After irradiation with 100 mJ/cm 2 , a clear decrease in the S phase population was observed 24 h after 100 mJ/cm 2 and decreased further at 48 h. Almost no BrdU incorporation was detected at 48 h re¯ecting a total lack of cell proliferation. As compared to unirradiated cells, the 100 mJ/cm 2 irradiation induced accumulation of cells in G 0 /G 1 and a strong G 2 arrest predominant at 48 h postirradiation. in normal human tissues has received little attention (Sherr, 1996; Sou®r et al., 1999 Sou®r et al., , 2000 . Nielsen et al. (1999) have recently studied P16
INK4A expression by immunohistochemistry in normal human adult and infant tissues. They found that P16 INK4A was expressed in a highly restricted pattern with immunodetectable P16
INK4A only in selected cells within certain organs such as Langherhans islets in the pancreas, solid cell nest in the thyroid or glands in the stomach. In the skin, only melanocytes were found to express P16 INK4A protein in situ. This expression pattern of P16 INK4A was predominantly nuclear and correlated with cellular senescence; as in the newborn tissues P16
INK4A was present only in the thymic Hassall's corpuscles which are the only organ programmed for early senescence. We and others attempted to detect P16 INK4A in normal human skin by immunohistochemistry but were not able so far to visualize a speci®c staining in human epidermis (Nielsen et al., 1999) .
To study the eect of nonlethal UVB radiation on P16
INK4A expression in human keratinocytes we started by analysing its cytotoxic eect on various human primary keratinocyte cultures and analysed p16 INK4A and p14 ARF mRNA and protein expression using a dose that maintained at least 70% cell viability (70 mJ/ cm 2 ). In these conditions, p16 INK4A and p14 ARF mRNA levels decreased within the next 2 h following UVB radiation, then returned to baseline level at 24 and 48 h respectively. This contrasted with the recent demonstration of an upregulation of p16 INK4A mRNA by UVB in human melanocytes (Piepkorn, 2000) . Dier- INK4A expression after UVB radiation could exist between cell types and explain these dierences.
The fact that the P16 INK4A protein level was maximum 24 h after UVB radiation in human keratinocytes con®rmed other studies that also reported elevation of the protein upon UVB or UVC radiation of various cell types or tissues including keratinocytes and human skin (Ahmed et al., 1999; Gabrielli et al., 1999; Pavey et al., 1999) . In the latter, maximum P16
INK4A expression, only studied by immunohistochemistry, was also observed at 24 h after irradiation and mainly concerned the epidermis. Other reports concerning P16 INK4A UV induction were essentially performed with Western blotting, so it was not possible to see whether this P16
INK4A induction at the post-transcription level, that we observed in keratinocytes after UVB irradiation, was common to P53 is predominantly involved in the response to a cellular stress (Fritsche et al., 1993; Hall et al., 1993; Kastan et al., 1991) . Recently, a UVB-induced decrease of p63 was reported and it is suggested that it is required for epidermal UVB-induced apoptosis (Liefer et al., 2000) .
In this study, we compared the expression of P16 INK4A , P53 and P53-controlled protein (such as P21 waf1/cip1 , MDM2 and Bax) expression during UVB radiation of human keratinocytes. Our results showed distinct responses depending on the UVB dose used and the protein studied. Whereas induction of P16
INK4A was observed in all cases, P53 and P53-induced proteins (P21 waf1/cip1 and MDM2) were only induced after low doses of UVB and were either stable or decreased after high UVB doses. A similar decrease in P21 waf1/cip1 and MDM2 proteins after high UVB radiation has already been reported and seems to be independent of P53 Wu and Levine, 1997) . We also observed a decrease in MDM2 protein levels after high UVB dose irradiation of HaCat cells which express an inactivated P53. Thus our data con®rm that the decrease in MDM2 after high UVB doses is independent of P53. We did not observe any P21 waf1/cip1 decrease in HaCat cells in these conditions as this protein is not expressed in this cell line (Kallassy et al., 1998) . Unfortunately, hypermethylation of the p16 INK4A promoter in HaCat cells does not allow a study of UVB induction of P16 INK4A in this cell line (Chaturvedi et al., 1999) . Using the cytotoxicity assay, we observed that this cell line was more sensitive to UVB radiation than normal human keratinocytes (data not shown).
Dierential responsiveness resulting from the levels of P53 and P21 waf1/cip1 induction after UV exposure has been proposed (Ouhtit et al., 2000) . High P53 level in the absence of P21 waf1/cip1 leads to apoptosis whereas intermediate induction of both P53 and P21 waf1/cip1 leads to growth arrest. Accordingly in our system, induction of P53 and P21 waf1/cip1 (as well as P16 INK4A ) by low UVB dose was accompanied by cell cycle arrest in G 2 . It has also been shown that human and murine ®broblasts respond dierently to high and low UV radiation. After a low dose, nucleotide excision repair is induced and associated with elevated P53 and P21 waf1/cip1 level while after high UV dose, induction of P53 and Bax but not P21 waf1/cip1 is observed and correlates with induction of apoptosis (Li and Ho, 1998). We were not able to detect an increase of Bax protein expression after high UVB induction. This was consistent with a moderate increase in the size of the apoptotic compartment.
Both P16 INK4A and P53 pathways were induced after repeated UVB irradiation showing that they both participate in the adaptive response to UVB. This is in agreement with the activation of P53 protein observed in chronically sun exposed skin (Inohara et al., 1996) .
Finally we showed that UVB irradiation of human keratinocytes is associated with growth arrest and accumulation of cells in the G 1 and G 2 phase of the cell cycle. This accumulation in G 1 is believed to be due to P53 via induction of P21 waf1/cip1 and to P16 INK4A . However p217/7 ®broblasts are only partially de®cient in DNA damage induced G 1 arrest (Brugarolas et al., 1995; Waldman et al., 1995) and cells de®cient for p53 are able to arrest in G 2 suggesting that this latter can be independent of P53 (Agarwal et al., 1995; Kastan et al., 1991) . Indeed, in our experiments both P53 and P16
INK4A proteins were induced after irradiation with low UVB doses during which a G 2 arrest was observed. However in our high UVB dose experiment, both a G 1 and a G 2 accumulation were observed and there was no induction of P53 or P21 waf1/cip1
. On the contrary, P16
INK4A is induced after high UVB doses and likely participates in the control of the cell cycle as it has been shown that P16
INK4A participates in the G 1 and G 2 arrest after DNA damage (Milligan et al., 1998; Shapiro et al., 1998) and that inhibition of cyclin D-CDK4 activity necessary for cell cycle progression through G 2 implicates P16
INK4A The distribution patterns of P14 ARF protein in normal human tissue are more ubiquitous than those of P16
INK4A but the ratio between P16 INK4A and P14 ARF can vary between tissues (Stone et al., 1995) . We were not able to detect, either in situ or by Western blotting, the P14 ARF protein in human keratinocytes even with more sensitive techniques such as IP-Western, whereas it was easily detectable in control HeLa cells. Furthermore, P14
ARF protein was not detected after UVB radiation of human keratinocytes. This is in agreement with other reports that have shown that although P14 ARF restored P53 stability in response to various oncogenic stimuli, it was not induced by DNA damaging agents (Stott et al., 1998) .
In conclusion, our results show that P16 INK4A plays an important role in the response of human keratinocytes to UVB irradiation. This induction of P16
INK4A
correlates with cell cycle arrest suggesting that it is a key element of the response to UV-DNA damage in human keratinocytes. The role played by P16
INK4A in the UV response of keratinocytes further emphasize the importance of this gene in UV-induced skin carcinogenesis.
Materials and methods
Cell culture
Human normal epidermal keratinocytes were obtained from patients undergoing plastic surgery. Brie¯y, skin tissue was rinsed in PBS (Gibco ± BRL) and tissue dissociation was started by immersion in Trypsin 0.25% (Boehringer Mannheim) at 48C overnight and stopped by addition of 10% fetal calf serum (Gibco ± BRL). Harvested primary keratinocytes were cultured with Green's medium containing DMEM/ ham's F12 medium (3/1 v/v) (Gibco ± BRL), supplemented with, 10 710 M cholera toxin (Sigma), 1.8610 74 M adenine (Sigma), 5 mg/ml insulin (Sigma), penicillin/streptomycin 100 U/ml (Gibco ± BRL), hydrocortisone 0.5 mg/ml (Sigma) and EGF 10 Zg/ml (Sigma).
Keratinocytes were seeded on g (60 Gy) irradiated NIH3T3 feeder layer using a 137 Cs g emitter emitting at 6 Gy/min (CIS Biointernational, IBL 437C) and were cultured for no more than two or three passages. NIH3T3 cells, obtained from H Green (Boston, MA, USA), were contact-inhibited NIH Swiss mouse embryo ®broblasts and were cultured in DMEM medium (Gibco ± BRL) supplemented with 10% fetal calf serum (Gibco ± BRL) and 100 U/ml penicillin/streptomycin (Gibco ± BRL).
RS4-11, obtained from H Poirel (Paris, France), were derived from an acute lymphoblastic leukemia. Cells were grown in suspension in RPMI 1640 medium (Gibco ± BRL) supplemented with 10% fetal calf serum (Gibco ± BRL), 2 mM glutamine and penicillin and streptomycin (100 U/ml each) (Gibco ± BRL).
HeLa cells, obtained from F Lindenmeyer (Villejuif, France), were derived from human cervical carcinoma and were grown in DMEM medium supplemented with 10% fetal calf serum, 5 mM glutamine and 100 U/ml antibiotics (Gibco ± BRL).
The spontaneously immortalized human keratinocyte cell line HaCat (a gracious gift from N Fusenig, Heidelberg, Germany) was cultured in MEM medium (Gibco ± BRL) supplemented with 10% fetal calf serum, 2 mM glutamine and 100 U/ml antibiotics.
All cells were cultured in 5% CO 2 , at 378C.
UVB irradiation
For UVB irradiation, keratinocytes were washed twice with PBS and placed under a ®lm of Hank's BSS without phenol red (Gibco ± BRL) to prevent UVB absorption by the medium. Cells were replenished with their own media after irradiation. They were exposed to either a single UVB dose (i.e. acute irradiation) or repeated low UVB doses (10 mJ/ cm 2 ) for ®ve consecutive days. In the former case, RNA and protein were extracted at dierent time points following irradiation (ranging from 2 to 48 h) and in the latter case only 48 h after the last irradiation. The UVB source was a Vilbert Lourmat TFX-35M, 6615 W lamp with emission at 312 nm. Fluence rate at the site of cell irradiation was 1.25610 73 W/cm 2 as determined by chemico-actinometric method (Parker, 1968) .
The neutral red cytotoxicity assay was used to determine sublethal doses within a range of 10 to 200 mJ/cm 2 . Measure of dye incorporation in the lysosomes was performed at 550 nm, using a microplate reader (MR5000, Dynatech), 48 h post-irradiation. The UVB dose was determined according to the fraction of viable cells detected 48 h post-irradiation. All experiments were performed in conditions allowing at least 70% viability.
Cell extracts and Western blot
Cells were washed in saline phosphate buer (PBS), then harvested in SDN buer (100 mM Tris HCl pH 8, 150 mM NaCl, 5 mM ethylenediamine tetra acetic acid (EDTA), 0.5% SDS, 0.5% nonylphenoxy polyethoxy ethanol (NP40), 0.5% sodium deoxycholate, 1 mM phenylmethylsulphonyl¯uoride (PMSF), protease inhibitor cocktail tablet: (EDTA-free 16) and sonicated on ice for 30 s. The samples were centrifugated for 20 min at 14 000 r.p.m. and supernatants were used immediately or stored at 7808C. The protein content was evaluated according to the Bradford method (Bradford, 1976) .
Fifty Zg of proteins per lane were deposed on 16.5% polyacrylamide gel using tricine buer (Schagger and von Jagow, 1987) . The proteins were transferred for 40 min to PVDF membrane Hybond-P (Amersham Pharmacia Biotech). After blocking for 2 h with TBS (Tris Buered Saline pH 7.6) or PBS (Phosphate Buered Saline pH 7.5) supplemented with 0.1% Tween 20 (Biorad) and 5% non-fat dried milk, the membrane was incubated with the primary antibody, then incubated with the second antibody coupled to horseradish peroxidase (Amersham Pharmacia). Finally, bound antibody was detected by chemiluminescence ECL + according to the instructions of the manufacturer (Amersham Pharmacia). The membrane was scanned with the PhosphorImager (Molecular Dynamics) and results were analysed and quanti®ed using a semiquantitative method with ImageQuant 5.0 software.
Each signal intensity was determined by a volume expressed in arbitrary value. Volume correction was performed by background subtraction and each signal intensity was normalized with the GAPDH signal. The following antibodies were used: Polyclonal anti-P16
INK4A : SC-468G (Santa Cruz Biotechnology); polyclonal anti-P14 ARF : SC-8613 (Santa Cruz Biotechnology); monoclonal anti-MDM2 : Ab-1 (Calbiochem); monoclonal anti-P21 waf1/cip1 : 6B6 (Pharmingen); monoclonal anti-P53 : clone DO-7 (Dako); polyclonal anti-GAPDH : rabbit antiserum made in JM Blanchard's laboratory (CNRS, UMR 5535, Montpellier, France); polyclonal anti-Bax : SC-493 (Santa Cruz Biotechnology).
Flow cytometry analysis
To determine whether UVB radiation altered cell cycle, cellular proliferation was assessed by DNA content and incorporation of BrdU by multiparameter¯ow cytometry as previously described (Lowe et al., 1993) . Brie¯y, subcon¯uent cells were irradiated with two doses of UVB (30 and 100 mJ/cm 2 ). Two, 24 and 48 h after irradiation, cells were pulsed with BrdU (10 mM, Sigma) for an additional 4 h. They were rinsed with PBS, trypsinized, harvested by centrifugation, washed in PBS and ®xed in 70% ethanol for at least 1 h at 7208C. Cells were then centrifugated at 2000 r.p.m., resuspended in 1 ml of 0.2 mg/ml pepsin (Sigma) in 2N HCl and incubated for 30 min at room temperature. After neutralization of the samples by addition of 3 ml of 0.1 M Na 2 B 4 O 7 , cells were washed with PBS and subsequently with PBS supplemented with 0.5% Tween 20 and 2% fetal calf serum (PTS). After centrifugation, they were resuspended in 100 ml of PTS containing 5 ml of an FITC-conjugated anti-BrdU antibody (Alexis Corporation) and stained during 30 min at room temperature. After two washes with PTS, cells were incubated in 500 ml PTS containing 0.5 mg/ml RNAase A and 50 mg/ml propidium iodide (Sigma) for at least 30 min at room temperature. Samples were then analysed for DNA content using a FACScalibur¯ow cytometer (Becton Dickinson, Le Pont de Claix, France). The percentage of cells incorporating BrdU during the 4 h pulse was estimated from the simultaneous staining with FITCconjugated antibody (FL1 channel) and the log red ¯uorescence detected on the FL-2 channel, using CellQuest sofware. The percentage of cells in each phase of the cell cycle was estimated using the MODFIT program.
RNA extraction and RT ± PCR
RNA extraction was performed using the`RNA Instapure' (Eurogentec). Cells were washed in PBS, lysed in RNA Instapure and collected. Chloroform was added and mixed. The samples were left on ice, then centrifugated for 15 min, 12 000 g at 48C. The aqueous phase was collected and mixed with the same volume of isopropanol. The samples were incubated on ice for 1 h at 7208C, then centrifugated for 15 min, 12 000 g at 48C. The supernatant was eliminated and the pellet was washed with ethanol 70%. The pellet was left to dry and dissolved in DEPC-treated water. The samples were stored at 7808C.
For the reverse transcription 2 mg of RNA was transformed into cDNA using the M-MLV reverse transcriptase (Gibco ± BRL) and for the polymerase chain reaction 2 ml of cDNA (i.e. 1/10) and Taq polymerase enzyme were used according to the manufacturer's instructions (Gibco ± BRL). PCR products were obtained after treatment of the samples at 948C for 5 min followed by 30 cycles (30 s at 948C, 30 s at 608C, 30 s at 728C) and ended by 7 min at 728C using a PCRexpress (Hybaid). The PCR products were deposited on 6% non-denaturing acrylamide gel. DNA was stained with gel star and scanned with the PhosphorImager (Molecular Dynamics). The results were analysed with ImageQuant 5.0 software and each signal intensity was normalized with RT ± PCR products of 28S rRNA.
The following oligonucleotides were used: Abbreviations ARF, alternative reading frame; cDNA, complementary DNA; DNA, desoxyribonucleic acid; INK4A, inhibitor of cyclin dependent kinase 4 (CDK4); INK4A-ARF, inhibitor of cyclin dependent kinase 4 (CDK4)-alternative reading frame; MDM2, multiple murine double minute gene 2; mRNA, messenger RNA; Rb, retinoblastoma; RNA, ribonucleic acid; RT ± PCR, reverse transcription polymerase chain reaction; UVB, ultraviolet B; UVC, ultraviolet C.
